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An apparatus for controlled delivery of a flow of breathing
gas to the respiratory tracts of a user includes a blower unit
adapted to provide a gas flow, a nasal cannula with first and
second outlets, and first and second gas paths connecting the
blower unit to the first and second outlets, respectively. The
Characteristics of the gas flow through each outlet can be
controlled, sensed and/or adjusted independently.
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1
APPARATUS AND METHOD FOR
CONTROLLED DELIVERY OF A
BREATHING GAS TO THE RESPIRATORY
TRACTS OF A USER

This application is the U.S. national phase of International
Application No. PCT/EP2009/002532 filed 6 Apr. 2009,
which designated the U.S., and claims priority to European
application No. 08008301.7, filed 30 Apr. 2008, the entire
contents of each of which are hereby incorporated by
reference.

FIELD OF THE INVENTION

The present invention is related to an apparatus for
controlled delivery of a flow of breathing gas to the respi-
ratory tracts of a user. The invention further relates to a
method of controlling such an apparatus and to a method of
delivering a flow of breathable gas to the respiratory tracts
of a user via a nasal cannula with first and second outlets.

BACKGROUND OF THE INVENTION

Several such devices for delivering breathing gas to a
patient are known in the art and widely used in the medical
and therapeutical sectors. One important employment of the
delivery of a breathing gas relates to treatment of sleep-
related respiratory disorders, in particular of obstructive
sleep apnea (OSA). Patients suffering from OSA are often
supplied with a continuous positive airway pressure (CPAP)
and/or a predetermined flow of a breathing gas during rest or
sleep periods. This is achieved by the patient wearing a
suitable breathing mask, which is connected to an apparatus,
also referred to as blower, providing the necessary pressure
and/or air flow. Due to the pressure being higher than
ambient pressure the obstructed airways of the patient are
“pushed” open, also referred to as pneumatic splinting,
allowing for an adequate supply of breathing gas including
oxygen.

In the art, there are known “closed” breathing masks
which usually sealingly cover mouth and/or nose of a patient
or user. Also known are “open” interfaces, such as a nasal
cannula, which do not cover the mouth and/or nose of a
patient but direct the breathing gas flow into the nose and/or
mouth of a patient. Such cannula or “open” system is
generally not sealed against the nose or mouth of a patient.
Nasal cannulas are typically preferred by the user because
they are more comfortable than “closed” masks, which
usually are more bulky and have to be fixed to the user’s
head by a headband. Since these masks generally have to be
applied over long periods, often during the whole night,
there size and weight may turn out to influence the comfort
of a patient.

However, such “open” interfaces and the systems known
in the art applying such “open” interfaces have a number of
disadvantages. These disadvantages particularly include the
reduced operating conditions and the reduced application
area vis-a-vis “closed” systems. In particular, it is problem-
atic to adjust the applied therapy during therapy depending
on the current patient conditions and particularly depending
on the upper airway conditions of the user. This is particu-
larly due to the “open” interface not being able to simulta-
neously perform therapy and diagnostic measures. It is also
not possible to observe the severity of sleep disordered
breathing during therapy. This would, however, be necessary
to make sure that the necessary therapy is applied, e.g., that
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2

a patient is transferred to a standard CPAP therapy if he
shows enhanced snoring or obstructive events.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
an improved device for controlled delivery of a flow of
breathing gas to the respiratory tracts of a user, in particular
a device with an “open” interface and preferably an “open”
nasal cannula, which overcomes the above-mentioned prob-
lems and disadvantages. It is a further object of the present
invention to provide an improved method of controlling
such a device.

These and other objects are achieved by the features of the
independent claims. The dependent claims relate to pre-
ferred embodiments.

The present invention is based on the idea to use a dual
lumen cannula, wherein both lumens may be controlled
independently. Thus, two gas (flow) paths or channels are
provided, which either can provide an airflow to the nose of
a user or act as a pressure sensing line. This allows for
diagnosis while providing therapy at the same time. One of
the two gas paths or channels can be used for diagnosis
while the other gas path or channel is used for providing
therapy, wherein the use of the channels may be changed.
Also, both channels can perform the same use, such as, e.g.,
therapy or diagnosis. Alternatively, the channels may be
used to perform simultaneously different kinds of therapy or
diagnosis.

Each of the lumens or channels are provided with nasal
prongs at one end thereof in order to be applied to a patients
nose. Preferably, the two channels are distinct and separated
channels. Each of the channels is in communication with one
nasal prong or one nostril of the patient.

Accordingly, the present invention provides an apparatus
for controlled delivery of a flow of breathing gas to the
respiratory tracts of a user, said apparatus comprising a
blower unit adapted to provide a gas flow, a nasal cannula
with first and second outlets, and first and second flow paths
connecting the blower unit to the first and second outlets,
respectively, wherein characteristics of the gas flow through
each outlet can be controlled, sensed and/or adjusted inde-
pendently.

These characteristics of the gas flow preferably comprise
a flow rate and/or a pressure of the provided gas flow.
However, other characteristics or parameters of the gas flow
may be controlled or adjusted as well, for example the
humidity and/or temperature of the provided breathing gas.
It is also preferred to adjust the composition of the breathing
gas, e.g., the oxygen concentration thereof. The concentra-
tion of optional therapeutics may also be controlled or
adjusted by the apparatus.

Nevertheless, according to a specifically preferred
embodiment the characteristics and particularly the flow rate
and/or pressure in both flow paths can be adjusted or
controlled independently. A preferred solution allows for
switching the flow rate of the breathing gas through one of
the flow paths on and off. This may be done, e.g., providing
a valve in the flow path and by controlling the state of said
valve. A pressure sensor provided in the other flow path
enables the apparatus to detect a dynamic pressure signal
resulting from the respiratory cycle of a user. Accordingly,
the apparatus according to the present invention is able to
simultaneously provide therapy and to perform diagnosis via
the two flow paths, e.g., by providing a flow of breathing gas
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through one of said flow paths and by sensing characteristics
of the gas flow, such as a dynamic pressure signal, via the
other flow path.

If the diagnosis channel is not needed continuously, the
flow rate in the second flow path may be adjusted to the one
in the first flow path intermittently. For example, the valve
controlling the flow rate in the second flow path may be
switched on and off in predetermined time intervals. This
allows to perform, e.g., diagnosis at predefined times while
enhancing the therapy by the use of two channels in between
these diagnosis times or intervals.

According to a more preferred embodiment, both the first
and second flow paths each comprise a valve and a pressure
sensor. Thus, an air or breathing gas flow can be provided
through one of the first and second flow paths while the other
of the first and second flow paths is used for detection,
wherein the function of the first and second flow paths can
be interchanged periodically. This guarantees a more con-
tinuous and/or symmetric supply with breathing gas. The
period of interchange may be adjusted to, e.g., the respira-
tory cycle of the user. For instance, during one respiratory
cycle (inhalation and exhalation) the first flow path may be
pressurized, while during the subsequent respiratory cycle
the second flow path will be pressurized. Consequently, the
second and first flow paths are used for diagnosis, respec-
tively.

Of course, other therapy-diagnosis schemes are possible
as well. It is in particular advantageous to activate diagnosis
only intermittently and to provide therapy via both flow
paths during the remaining time.

As already mentioned, other parameters may be con-
trolled as well. It is particularly preferred that the apparatus
according to the present invention further comprises a
humidifier to adjust the humidity of the provided breathing
gas to a predetermined value. Optionally, said value may be
adjusted in response to the detected dynamic pressure signal.
The humidifier may be any known humidifier, for instance
a warm-water/warm-air humidifier.

Preferably, the apparatus further comprises diaphragm
filters to protect the valve(s) from condensing water.

Provision is also made for a control unit for analyzing the
detected dynamic pressure signal and/or for controlling, e.g.,
the blower unit, the state of the valves, the humidifier and the
like. The control unit may comprise several sub-units, such
as breathing detector, a trigger unit, a flow controller, a
motor controller, and a supervisor unit to name but a few.

Preferably, the apparatus according to the present inven-
tion can be used as an open CPAP system, i.e. as a CPAP
system, wherein the patient interface is not sealed against the
patient’s face. For example, the nasal cannula of the appa-
ratus is preferably adapted not to seal with the user’s
nostrils.

The present invention is further directed to a method of
controlling an apparatus for controlled delivery of a flow of
breathing gas, in particular an apparatus as described above.
The inventive method comprises activating a first gas flow
in a first flow path; measuring a dynamic pressure signal in
a second flow path; and optionally adjusting a parameter of
the first gas flow in response to the measured signal.

Therein, the first gas flow may be activated, e.g., by
opening a valve or by otherwise increasing a flow rate or
pressure within the first flow path. The dynamic pressure
signal is preferably measured with a pressure sensor, which
is protected from condensing water by a diaphragm filter.

The breathing gas according to the present invention is
preferably air. However, in some embodiments the oxygen
concentration is higher than in air. Furthermore, an aerosol
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or other additive, e.g. therapeutics, may be added to the air.
The air may be humidified and/or warmed.

It is preferred that activating the first gas flow and
measuring the dynamic pressure signal are performed simul-
taneously. It is further preferred that the single steps of the
method are performed repeatedly, wherein the functionality
of the first and second gas paths are most preferably inter-
changed after each repetition or a number of repetitions.

The parameter of the first gas flow to be adjusted may be
one or a combination of the following parameters: flow rate
of the first gas flow, pressure within the first flow path,
temperature and/or humidity of the first gas flow, oxygen
concentration of the first gas flow, the concentration of any
additives, e.g. therapeutics, the period of repetition.

The present invention further relates to a method of
delivering a flow of breathable gas to the respiratory tracts
of a user via a nasal cannula with first and second outlets.
According to said method a gas flow is provided through the
first outlet and a dynamic pressure signal in a gas path
connected to the second outlet is measured. Optionally a
parameter of the gas flow though the first outlet is adjusted
in response to the measured signal.

Therein, the steps of providing a gas flow and measuring
a dynamic pressure signal are preferably performed simul-
taneously. It is also preferred to perform the steps of the
method repeatedly. According to a preferred embodiment,
the functionality of the first and second outlets are inter-
changed after each repetition.

Thus, a flow of breathable gas is provided through, e.g.,
the first outlet of the nasal cannula to provide a certain flow
rate or pressure within the respiratory tracts of a user. At the
same time the second outlet and the gas path connected
thereto are used to measure a dynamic pressure signal which
originates from the respiratory tracts of the user. Since there
is no fluid communication between the first and second
outlets both steps can be preformed independently and
simultaneously without any interference. It is therefore
possible to provide therapy and to perform diagnostics at the
same time.

Several different scenarios are envisaged for the embodi-
ments of the present invention. One of them is background
screening. A screening algorithm known in the art for
treatment of OSA analyses the flow signal in the second flow
path in order to detect or to diagnose apneas, hypopneas and
flow limitations in the nasal flow. These events characterize
the condition of the upper airway. The apneas and hypo-
pneas go into an index calculation and the resulting index is
displayed on a user interface of the device. It is thus possible
to recognize a trend, e.g., in severity of the obstructive
events. This is important for a transition from an open CPAP
device as the one according to the present invention to a
standard CPAP device that treats obstructive sleep apnea.
The screening algorithm also comprises a snoring analysis,
since permanent snoring is an indicator for a patient transi-
tion form an open device to a snoring or CPAP device.

It should be apparent that the function of the first and
second outlets (and the flow paths connected thereto) may be
interchanged repeatedly, e.g., after each respiratory cycle.
Accordingly, the user is provided with the therapeutic air
flow or pressure through both nostrils alternately. This
guarantees a more symmetric and comfortable therapy.

Another scenario implemented by the present invention is
an Auto Open CPAP Mode. Therein, the flow limitation
algorithm part of the above-described screening algorithm
delivers the data for a flow controlling algorithm. Thus, the
parameters of the applied flow to the user’s nose is depend-
ing on the number of flow limitations per time. According to
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the frequency of such events the flow rate or pressure of the
applied gas flow may be adapted. Additionally or alterna-
tively, the temperature and/or humidity of the applied
breathing gas is adjusted.

A further scenario is a Smart Start/Stop Mode. According
to a preferred embodiment both outlets of the nasal cannula
and the respective flow paths are configured as diagnosis
paths while the therapy is switched off and the device is on
stand-by. A pressure change above a certain threshold, e.g.
above +/-1 hPa, starts the therapy automatically. If during
therapy no breathing signal is detected for a certain time, e.g.
for more than 3 minutes, the device is switched to stand-by
mode.

Alternatively to the Smart Start/Stop Mode there can be a
nasal cannula alarm. The nasal cannula is likely to slip out
of the user’s nose/nostrils. The device may detect such an
event, since no breathing signal is detected, an warn the user,
e.g., by an alarm.

Still another scenario implemented by the present inven-
tion is an Open Bilevel Mode. In this mode, the device is
triggered by the inspirational flow of a user, in particular by
the flow rate provided at the beginning of an inspiration. The
diagnosis channel detects this trigger event by comparing
the nasal pressure or flow rate signal to a predetermined
threshold. The threshold may be set to different sensitivities,
e.g. high, medium and low. Once a trigger event is detected,
a predetermined flow rate or pressure is provided to the
selected therapy channel or corresponding flow path.

If the dynamic pressure signal at the diagnosis channel
falls below a certain threshold, a flow with smaller flow rate
(or pressure) is provided to the therapy channel or corre-
sponding flow path. While the user is in expiration, the same
amount of (humidified) air is provided to both outlets and
thus to both nostrils of the user. During inspiration the
diagnosis channel waits for the next trigger event.

It should be apparent that these scenarios described above
can be implemented into the apparatus according to the
present invention. Accordingly, the apparatus comprises a
control unit adapted to analyze the detected signal(s) in the
above-described manner and to control the respective com-
ponents of the apparatus accordingly, e.g. to drive the blower
unit and the valves.

The apparatus and the methods according to the present
invention provide a number of advantages. In particular, the
present invention allows, e.g., background screening, trig-
gering and/or automatic controlling of an open CPAP device
with a nasal cannula. The device is more comfortable for the
patient and easier to use for both patient and physician. It
allows a better adaptation to nasal conditions such as humid-
ity. In a Bil.evel mode no or only low flow during expiration
can be achieved. Furthermore, the present invention allows
permanent screening for sleep disordered breathing. A better
compliance and the ability to observe a patient during, e.g.,
mild OSA, therapy is achieved.

These and other aspects of the invention will be apparent
from and elucidated with reference to the embodiment(s)
described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows an embodiment of an appa-
ratus according to the present invention.

FIG. 2 schematically shows a circuit diagram of several
components of the apparatus shown in FIG. 1.

DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 1 schematically shows an embodiment of an appa-
ratus according to the present invention. Said apparatus
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comprises a blower unit B adapted to provide a flow of
breathing gas, in particular of air. The blower unit com-
prises, e.g. a compressor (not shown in FIG. 1) known in the
art and optionally means (not shown in FIG. 1) for adjusting,
e.g., the concentration of oxygen or another additive. The
flow of breathing gas is directed through an humidifier H,
which is adapted to adjust the humidity and optionally the
temperature of the gas flow.

The flow of breathing gas then branches into a first flow
path 4 and a second flow path 5, which paths 4, 5 may be
opened and closed by valves VL and VR, respectively. The
first and second flow paths 4, 5 comprise pressure sensors pl
and p2, which are protected from condensing water by
diaphragm filters 6.

Both flow paths 4 and 5 terminate in a nasal cannula 1
having first and second outlets 2 and 3. There is no fluid
communication between outlets 2 and 3 which allows for
controlling the flow rate and/or pressure of flow paths 4 and
5 independently. For example, valve VL. may be open,
whereas valve VR is closed. A flow of breathable gas is thus
provided from the blower unit B through the first flow path
4 and the first outlet 2 into, e.g., the left nostril of a user. Due
to the respiratory cycle of the user a dynamic pressure signal
is generated within the second flow path 5, which is detected
at pressure sensor p2.

After one respiratory cycle, the components may inter-
change their function: Valve VL is closed while valve VR is
opened. Now, a therapy flow is provided through the second
flow path 5 and the second outlet 3 into the right nostril of
the user, whereas diagnosis is performed in the first flow
path 4 using pressure sensor pl.

FIG. 2 schematically shows a circuit diagram of several
components of the apparatus shown in FIG. 1. The dynamic
pressure signal detected at pressure sensors pl and/or p2 is
fed into a breathing detector BD and a motor controller MC.
The breathing detector BD forwards the signal to a trigger
module T, which outputs a trigger event to the flow con-
troller FC and a supervisor module SM. The supervisor
module SM controls the state of the valves VL and VR. The
flow controller controls the motor controller MC, which
activates the blower unit B and the humidifier H.

The invention claimed is:

1. An apparatus for controlled delivery of a flow of
breathing gas to the respiratory tracts of a user, said appa-
ratus comprising:

a blower unit adapted to provide a gas flow; and

a nasal cannula with first and second outlets, and first and

second gas paths connecting the blower unit to the first
and second outlets, respectively, wherein

the nasal cannula is configured so that characteristics of

the gas flow through each outlet are independently
controllable, are independently adjustable and are inde-
pendently sensed, and

a control unit to control the apparatus to interchange

between providing the gas flow to the respiratory tracts
of the user through (a) the first gas path to the first outlet
and (b) the second gas path to the second outlet, so as
to permit providing of the gas flow from the blower unit
through one of the outlets while not providing the gas
flow from the blower unit through the other one of the
outlets, and to adjust at least one characteristic of the
provided gas flow while detecting, via one of the first
or second outlets through its respective gas path not
receiving the gas flow, at least one dynamic signal
resulting from a respiratory cycle of the user.
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2. The apparatus according to claim 1, wherein the
characteristics of the gas flow comprise a flow rate and/or a
pressure of the gas flow.

3. The apparatus according to claim 1, wherein the first
and/or second gas path comprises a valve.

4. The apparatus according to claim 1, wherein the first
and/or second gas path comprises a pressure sensor.

5. The apparatus according to claim 1, wherein functions
of the first and second gas paths are interchanged periodi-
cally.

6. The apparatus according to claim 5, wherein the period
of'interchange is adjusted to the respiratory cycle of the user.

7. The apparatus according to claim 1, wherein the nasal
cannula is adapted not to seal with the user’s face and/or
nostrils and/or wherein the apparatus is adapted to be used
in an open CPAP system.

8. The apparatus according to claim 4, further comprising
a humidifier positioned upstream of the first and second gas
paths, the humidifier being configured to adjust a humidity
and a temperature of the gas in the first and second gas paths.

9. The apparatus according to claim 8, wherein each
pressure sensor is connected to a respective gas flow path
through a filter configured to protect said pressure sensor
from condensing water.

10. The apparatus according to claim 9, wherein the filter
is a diaphragm filter.

11. The apparatus according to claim 1, wherein the
apparatus is configured to detect a condition of an upper
airway of the user based on the at least one dynamic signal,
wherein the condition of the upper airway of the user is
indicative of a flow limitation.

12. The apparatus according to claim 11, wherein the
apparatus is configured to adjust at least one characteristic of
the provided gas flow based on a number of flow limitations
per unit of time.

13. The apparatus according to claim 12, wherein the at
least one dynamic signal is a pressure signal.

14. The apparatus according to claim 1, wherein the
apparatus is adapted to provide the gas flow to the respira-
tory tracts of the user through one of the first and second gas
paths in response to a pressure change indicated by the at
least one dynamic signal.

15. The apparatus according to claim 14, wherein the
apparatus is adapted to provide the gas flow to the respira-
tory tracts of the user through one of the first and second gas
paths when the pressure is above a predetermined threshold.

16. The apparatus according to claim 15, wherein the
apparatus is adapted to terminate the gas flow to the respi-
ratory tracts of the user when no dynamic signal is detected
for a predetermined amount of time.

17. The apparatus according to claim 1, wherein the
apparatus is adapted to provide the gas flow to the respira-
tory tracts of the user through one of the first and second gas
paths in response to an inspirational flow indicated by the at
least one dynamic signal.

18. The apparatus according to claim 17, wherein the at
least one dynamic signal indicates the inspirational flow
when the dynamic signal is above a first predetermined
threshold.

19. The apparatus according to claim 18, wherein the first
predetermined threshold is set to a high, medium or low
sensitivity.

20. The apparatus according to claim 19, wherein the
apparatus is adapted to reduce a flow rate of the gas flow
provided to the respiratory tracts of the user when the at least
one dynamic signal indicates an expirational flow.
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21. The apparatus according to claim 20, wherein the at
least one dynamic signal indicates the expirational flow
when the dynamic signal is below a second predetermined
threshold.

22. The apparatus according to claim 21, wherein the
apparatus is adapted to provide the gas flow to the respira-
tory tracts of the user through both of the first and second gas
paths while the user is in expiration.

23. The apparatus according to claim 1 wherein the
control unit includes a screening process to detect flow
limitation and a flow controlling process to respond to the
detected flow limitation by adjusting applied gas flow rate to
pneumatically splint an obstructed airway with at least one
of the first or second outlets.

24. A method of controlling an apparatus for controlled
delivery of a flow of breathing gas, wherein the apparatus
comprises a blower unit adapted to provide a gas flow; and
a nasal cannula with first and second outlets, and first and
second gas paths connecting the blower unit to the first and
second outlets, respectively, wherein the nasal cannula is
configured so that characteristics of the gas flow through
each outlet are independently controllable, are indepen-
dently adjustable and are independently sensed, and a con-
trol unit to control the apparatus to interchange between
providing the gas flow to the respiratory tracts of the user
through (a) the first gas path to the first outlet and (b) the
second gas path to the second outlet, so as to permit
providing of the gas flow from the blower unit through one
of the outlets while not providing the gas flow from the
blower unit through the other one of the outlets, and to adjust
at least one characteristic of the provided gas flow while
detecting, via one of the first or second outlets through its
respective gas path not receiving the gas flow, at least one
dynamic signal resulting from a respiratory cycle of the user;
said method comprising the following steps:

a) providing a first gas flow in the first gas path;

b) detecting a dynamic pressure signal in the second gas

path; and

¢) adjusting a characteristic of the first gas flow in
response to the detected dynamic pressure signal,

wherein steps a) to ¢) are performed simultaneously.

25. The method according to claim 24, wherein steps a) to
¢) are performed repeatedly.

26. The method according to claim 25, wherein the
function of the first and second gas paths are interchanged
after each repetition.

27. The method of claim 24, wherein the apparatus is an
open CPAP system.

28. A method of delivering a flow of breathable gas to the
respiratory tracts of a user via a nasal cannula with first and
second outlets, said method comprising the following steps:

a) selectively providing the flow of breathable gas to the
respiratory tracts of a user through the first outlet and
the second outlet so as to interchangeably provide the
flow through one of the outlets while not providing the
flow through the other one of the outlets;

b) measuring a dynamic pressure signal in a gas path
connected to the one of the first and second outlets
when not receiving the flow of breathable gas; and

¢) adjusting a parameter of the flow of breathable gas in
response to the measured dynamic pressure signal,

wherein steps a) to ¢) are performed simultaneously.

29. The method according to claim 28, wherein steps a) to
¢) are performed repeatedly.

30. The method according to claim 29, wherein function-
alities of the first and second outlets are interchanged after
each repetition.
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31. The method according to claim 28, wherein the
method further comprises humidifying and adjusting a tem-
perature of the flow of breathable gas.

32. The method according to claim 28, further compris-
ing:

d) analyzing the dynamic pressure signal to detect flow

limitations; and

e) adjusting a parameter of the gas flow depending on

frequency of detected flow limitations.

33. The method according to claim 32, wherein the
parameter of the gas flow is one of: a flow rate of the gas
flow, and a pressure of the gas flow.

34. The method according to claim 28 wherein a screen-
ing process detects flow limitation and a flow controlling
process responds to the detected flow limitation by adjusting
applied gas flow rate to pneumatically splint an obstructed
airway with at least one of the first or second outlets.
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